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Open heavy flavor in the QGP
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* Compare with light hadrons to disentangle - N2, 0
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* Compare yields of different charm hadrons 10‘80 : _ " ry20

to study the hadronization process
Transverse Momentum P, (GeV/c)

STAR: PRD 86 (2012) 072013, NPA 931 (2014) 520
CDF: PRL 91 (2003) 241804; ALICE: JHEPO01 (2012) 128
FONLL: PRL 95 (2005) 122001
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» Compare A+A with p+p collisions: * Charmonia:

study dissociation due to color screening, regeneration I, s X
from uncorrelated quarks and cold nuclear matter (CNM) * Bottomonia:
effects Y(lS), Y(ZS)’ Y(BS): XB

T/Te _ 1/(r) [fm]

lllustration: A.Rothkopf - Y(IS)
T= Te<T -
| e09)
. . Xb'(zp)
* Sequential melting: « (1P)

different states dissociate at different temperatures — QGP
thermometer

Y'(3S)
w'(2S)

Mlustration: A. Mocsy, EPJC61 (2009) 705
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« polarized proton+proton up
to Vs = 510 GeV

 A+A (Al, Cu, Au, U) up
to Vs, = 200 GeV

e asymmetric: p+Au, p+Al, d+Au,
Cu+Au
- fixed target
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The Solenoidal Tracker At RHIC (STAR) detector

Time Projection Chamber (TPC):
e tracking
e particle identification via dE/dx

Time Of Flight (TOF):
« particle identification via 1/3

Heavy Flavor Tracker (HFT):
* tracking
e secondary vertex

Muon Telescope Detector (MTD):
 triggering
* muon identification

TPC/TOF/HFT: full azimuthal
coverage at mid-rapidity (|n|<1)
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The Solenoidal Tracker At RHIC (STAR) detector

Time Projection Chamber (TPC):
e tracking
e particle identification via dE/dx

Time Of Flight (TOF):
— ght (TOF)

a nrartinla idantificatiAan xrin 1/N

Excellent identification of long-lived hadrons and electrons in TPC and TOF
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STAR with Heavy Flavor Tracker

Au + Au @ 200 GeV
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Kaon track pointing resolution exceeds the requirement < 55 pm at p.= 750 MeV/c

Pointing resolution with Al-cables ~ 45 pm

S
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Heavy Flavor Tracker (HFT):

* SSD - Silicon Strip Detector

* PXL - Pixel Detector (MAPS, 356M pixels
of silicon, 20x20 pm?, 0.4% X , air-cooled)

— 30
SSD r =22
1 20
PXL r,=8 T 10
I'l - 2-8 0
[cm]

Acceptance coverage:

o~ SN~
| de l“- \

lc=~1mm
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-1<n<l1
0<dp<2m



Topological reconstruction with HFT

e Secondary vertex reconstruction with
HFT — full kinematic reconstruction of
charmed hadron D°(D0) — KTt

e Combinatorial background suppressed B.R. 3.9% e ~ 120 um
by 4 orders of magnitude

« Highly improved signal-to-background
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« High p_: significant suppression in 1.8 Au+Au 200GeV, 0-10%

.« 0
central Au+Au collisions — strong ® D 2014
ium i : O D°2010/11
charm-medium interaction o n

« R, ,(D)>1atp, ~1.5GeV/c -

indication of charm coalescence with
bulk

't

mlll]lllllllllllllllJlllllllll]llllll

 Similar suppression for light partons
and charm quarks at high p_

STAR Preliminary
e Jde 4 1 1. ], .1 . .|

o 1 2 3 4 5 6 7
Transverse Momentum P, (GeV/c)

STAR: PRL 113 (2014) 142301
PLB 655 (2007) 104




d°’N 1 d’N =
E = 1+ ) 2v cos(n(¢p—
spatial d3p 27 ppoTdy r; n ( ((i) TPr))

anisotropy

V 0.3
momentum Au+Au 200GeV, 0-80%
anisotropy 025 . DD

y — TAMU w c diff.
e oo o) 0.2 TAMU w/o c diff.

Non-flow est.

* D° azimuthal anisotropy N 0.15
. . e =
significantly above zero for 0.1
p; > 2 GeV/c |
0.05
* Data favor the model with
charm quark diffusion in 0
the medium
-0.05

0 1 2 3 4 5 6 7
Transverse Momentum P, (GeV/c)

Theory: arXiv:1506.03981 (2015) & private comm.
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D%v,
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My = \/ P ; . mg
* Systematically lower than results for light hadrons in 0-80% centrality bin.
* Suggests charm quarks are not fully thermalized with the medium?

* More statistics will enable a comparison in finer centrality bins.
STAR:PRC 77 (2008) 54901
PRL 116 (2016) 62301
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Comparison to models

Au+Au 200GeV, 0-10%
e D’ 2014 :
o D’ 2010/11 -
—TAMU .
— SUBATECH =

S'II'AR Pref;'rp;’nary

Transverse Momentum P, (GeV/c)

R > 3 7y 5 5 VA

e
Au+Au 200GeV, 0-80% Non-flow est.
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F —— Duke .

L STAR Preliminary
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Transverse Momentum P; (GeV/c)

Models can describe both R, and v,

TAMU: non-perturbative T-Matrix approach:
2nT)D =2 -~10

SUBATECH: pQCD + Hard Thermal Loops
for resummation:
2D =2-4

DUKE: Langevin simulation with transport
properties tuned to LHC data:
2nT)D =7

Theory: PRC 92(2015) 024907
arXiv:1506.03981 (2015)
& private comm.

STAR 2010/11: PRL 113 (2014)

142301
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e The diffusion coefficient
extracted from models as a
function of T/T_ and the
inferred range (2nT)D = 2 -
~10 from the STAR data

* The extracted values are
consistent with the lattice
QCD calculation
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STAR Muon Telescope Detector (MTD)

» Designed for muon triggering and identification with
precise timing: o ~ 100 ps for p.>1.2 GeV/c

e Multi-gap resistive plate chambers (MRPC), similar
technology as used for Time of Flight (TOF) detector

e Placed behind magnet, which is used as a hadron absorber

* Geometrical acceptance: 45% in azimuth within |n| < 0.5

x10° o A o
£=4
— .. Au+Au @ 200 GeV
- STAR preliminary Aurhu @ 2?0 GeV S 1 STAR preliminary i © 2
L~14.2nb’ 8 | L~142nb
| ly ‘WI<0.5, P, y >0 GeV/ic | ly p NI<0.5, pTY Tl 5 GeV/c
e N, =24935, S/B = 1:28.6 o N, =1129,S/B=1:1.8
r o o Significance = 21.9¢ [ ki Significance = 15.2¢
0.5
| O Unlike-sign pairs ] | © Unlike-sign pairs
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— Mixed-event B — Mixed-event

Magnet Backleg — o ; e 0 et -
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STAR Au+Au @ 200 GeV 0-60% 0-20%
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» Consistent with di-electron channel results over entire p, for all centralities

 Distinct rising R, , with p,for 20-40% and 40-60% centrality bins

Di-electron:
STAR PLB 722 (2013) 55
STAR PRC 90, 024906 (2014)




- P, >0 GeV/c STAR preliminary
18 5o STAR: AusAu, |5, =200 GeV Iyl <0.5
1.6~ © PHENIX: Au+Au, \Sy = 200 GeV lyl <0.35
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STAR N_, uncertainty

y¢ STAR: Au+Au, \'s,, =200 GeV, lyl <0.5, P, > 5 GeV/c

m CMS: Pb+Pb, \San = 2.76 TeV, lyl <2.4, pT > 6.5 GeV/c
Transport Modell — RHIC —LHC
Transport Modelll -- RHIC --LHC

STAR preliminary
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N
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JW R, ,for p.> 0 GeV/c: smaller at RHIC than LHC — more recombination at LHC
JW R, for p.> 5 GeV/c: larger at RHIC than LHC — stronger dissociation at LHC

Transport models with both regeneration and dissociation can qualitatively describe the

data

ALICE: PLB 734 (2014) 314
CMS: JHEP 05 (2012) 063
PHENIX: PRL 98 (2007) 232301
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Transport models:

Model I at RHIC: PLB 678 (2009) 27
Model I at LHC: PRC89 (2014) 054911
Model II at RHIC: PRC 82 (2010) 064905
Model IT at LHC: NPA 859 (2011) 114
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= Unlike-sign pairs (UL) Au+Au @ 200 GeV L ~ 14.2 nb™
~+ Like-sign pairs (LS) x2/ndf 22.38/17
—Combined Fit Y(1S) Yield 156.7 + 23.5
—Fit to LS Y(25+3S)/Y(1S) 0.375 £ 0.132

—Fitto Y(1S)
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—&— p+p (world-wide)
—@— CMS Pb+Pb@2.76 TeV (0-100%)
—¥— STAR Au+Au@200 GeV (up) (0-80%)

STAR preliminary

Y(28)/T(1S)
. Y(3S)/T(1S)

-

* Sign of excited Y (2S5+3S) states from the di-muon channel

« Hint of less Y(25+3S) dissociation at RHIC than LHC

pPp AuAu @ RHIC PbPb @ LHC

World-wide: PRC 88 (2013) 067901
CMS: PRL 109 (2012) 222301
CMS: JHEP 04 (2014) 103

Challenging in di-electron channel due to Bremsstrahlung




Outlook

x10°
. . . _III|IIII|IIIIIIIIIIIIIIII|IIII|IIII|IIII_
« Improved HFT tracking efficiency after ° Runta 10<p <120
1 1 1 - 57.3M 0-80% Events .
PXL decoding issue has befen discovered oL s Pomroducton EEo1s 1
and resolved — factor 2-4 improvement " 20.0M 0-80% Events Gounts = 1324 £ 102]
- Projected Run14 S/YS+B =220 S/YS+B =33 -

in DO significance Counts = 2387 + 82|

Scaled S/{S+B = 56 |

{)Illl

e Preliminary results are consistent with the
results obtained with the available
reprocessed sample

STAR Preliminary

Counts (per 10 MeV/c?)
| I | | |

11 &

_I 11 | 1 111 | 1111 | 1111 | 1111 | 1 111 |‘I‘I‘I‘IA|-I-I I-I.l‘l-l‘ll‘l.l
. 1.7 1.75 1.8 185 19 195 2 205 2.1
* Run 16: . . Invariant Mass m,_(GeV/c?)

e Full aluminum cables for inner layer of [ year System | MTD di-muon HFT MB
PXL: factor 2-3 further improvement S (e sy Gt
for D°significance at 1 GeV/c Run 14 | Au+Au | 14.3 nb 1.2 B

e Equivalent MTD data collected as in
Run 14 Run 15 | p+p 122.1 pb'! 1B

 Precision heavy flavor measurements

p+Au 0.41 pb? 0.6 B
Run 16 | Au+Au | 12.8 nb?! ~2.0B
d+Au ~0.3B
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Summary

STAR HFT and MTD deliver first set of heavy flavor results with Run14 dataset

Open heavy flavor measurements with HFT:

 First implementation of MAPS technology in a collider experiment
e Charm quarks interact strongly with the QGP medium

e Charm quarks flow with the medium

Quarkonium measurements with MTD:
« JAU R,,obtained in di-muon channel consistent with di-electron results

« Distinct rising R, , with p; for 20-60%
« Athighp,, R,, <1 — dissociation in effect

Outlook:

 New HFT reconstruction software will increase D°significance by a factor of 2-4

* More exciting results to come. Factor 4(2) Au+Au data on tape for HFT(MTD) for open
heavy flavor (D, A, B, ...) and quarkonia (J/y and Y) from Run14+16 datasets
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